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ABSTRACT
HUNTER LELAND ROTH: The Effects of Mutations in the ATH1 and STM
genes on Sepal, Petal, and Stamen Abscission in Arabidopsis thaliana Plants
(Under the direction of Dr. Sarah Liljegren)
Floral organ boundaries are areas that allow distinct organs within a flower to
differentiate from each other and the underlying stem. Boundary regions are also where
abscission zones (AZs) can form, which allow floral organs to abscise, or detach, from
the plant. This study takes a look into a pair of genes, ARABIDOPSIS THALIANA
HOMEOBOX GENE1 (ATH1) and SHOOT MERISTEMLESS (STM), which code for
transcription factors found in Arabidopsis thaliana that are responsible for proper
boundary formation and AZ specification. Mutations in one or both of these genes affect
AZ formation of specific floral organs. The ATH1 and STM transcription factors belong
to the BELL and KNOX homeodomain families respectively. Heterodimerization of
these transcriptions factors is necessary for STM to enter into cell nuclei; therefore
mutations in any of the BELL-type partners that STM interacts with will affect its ability
to regulate gene expression.
I investigated the effect of ath1-3 and stm mutations on stamen, petal, and sepal
abscission in Arabidopsis flowers. A device consisting of two soft bristled paintbrushes
was used to release floral organs if AZs were present and cell separation had already
initiated. Data were collected from WT, ath1-3, and stm flowers and from ath1-3/stm
double mutant flowers. While all of the outer floral organs were abscised in wild-type
flowers, the ath1-3 and stm single mutants retained many of their stamens. In addition to
their stamens, the ath1-3/stm double mutants also retained significantly more sepals and
petals than wild-type flowers. These results supported my hypothesis that the ATH1 and
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STM transcription factors are able to play redundant roles in sepal and petal AZ
formation.
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INTRODUCTION
Abscission is the physiological process by which plants shed leaves, floral organs,
and seeds.

The plant abscises its floral organs after the organs have completed their

roles in development. Premature abscission would leave the central pistil unprotected
while still in a vulnerable state and could prevent pollination of self-fertilizing flowers.
Retaining the organs after pollination could be a waste of the plant’s resources, and the
dying organs could attract pests that could interfere with fruit and seed development
(Liljegren, 2012). An abscission zone (AZ) can be found at the lateral organ boundary
where floral organs meet the stalk or main body of the plant. The AZs in Arabidopsis
thaliana flowers are tightly packed with small cytoplasmic cells and are responsible for
supplying enzymes that degrade the middle lamella between the cells within the
abscission zones, thereby causing separation and shedding of organs (reviewed in
Hepworth et al., 2015).
Arabidopsis thaliana is an exemplary species to study floral organ abscission.
The short life cycle, relatively small genome, and ability to do genetic experiments allow
research with this particular model organism to be easily conducted (Liljegren, 2012).
The structure of Arabidopsis flowers is shown in Figure 1. After pollination, the
sepals, petals, and stamens are three outer organs that are shed as a result of the
abscission process. Left behind after the organs abscise is the centrally located pistil of
the flower. The pistil develops into a fruit, which harbors seeds. The primary purpose of
the flower is to create seeds, so development of the central pistil into a fruit is critical.
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Figure 1. Visual Representation of Arabidopsis thaliana
Floral Organs. Four sepals surround the four petals that are
found on a wild type A. thaliana flower. Interior to the petals
are where the six stamen are found surrounding the central
pistil. (Image credit: Gubert et al., 2014)

Previous genetic screens and functional studies have shown that a small peptide
and a receptor-like kinase pathway are necessary for the initiation of floral organ
abscission. INFLORESCENCE DEFICIENT IN ABSCISSION (IDA) is the peptide that
the HAESA and HAESA-LIKE2 (HAE-HSL2) receptor-like kinases binds with to
activate abscission (Cho et al., 2008). HAE and HSL2 are transmembrane, leucine-rich
receptor-like protein kinases (RLK) (Cho et al., 2008; Santiago et al., 2016); a kinase
enzyme adds a phosphate group to proteins to alter its activity. HAE plays a role in
activation of a mitogen-activated protein kinase (MAPK) signaling kinase cascade that is
a necessary component of abscission and the cell detachment (Cho et al., 2008; Santiago
et al., 2016). Previous studies have shown that loss of function mutations in IDA alone or
combined loss of functions in HAE and HSL2 blocks floral organ abscission (Cho et al.,
2008).
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Before the IDA/HAE/HSL2 signaling module is activated, abscission zone cells
must differentiate at organ boundary regions. Two genes shown to have direct effects on
AZ formation are the BLADE-ON-PETIOLE (BOP1) and BLADE-ON-PETIOLE2
(BOP2) genes (McKim et al., 2008). These genes encode redundant transcription factors
that regulate the growth of leaves and flowers in A. thaliana. One result of mutations in
BOP1 and BOP2 is absence of floral organ abscission due to the lack of abscission zone
formation in bop1 bop2 double mutant plants. However, genes such as IDA are still
expressed in bop1 bop2 double mutant plants. This means that the regulation of IDA
expression is dependent upon the location of other cues unrelated to BOP1 and BOP2
(McKim et al., 2008).
Two homeodomain transcription factors, ARABIDOPSIS THALIANA
HOMEOBOX GENE1 (ATH1) and SHOOT MERISTEMLESS (STM), have been found
to regulate formation of the organ boundary region where abscission zones develop
(Liljegren, unpublished results). As shown in Figure 2, mutations in these two
transcription factors take place in the homeobox region of the gene coding for that
transcription factor. Transcription factors are proteins that have the ability to inhibit or
activate gene expression. Therefore, an ath1 or stm mutation that alters the ability of the
corresponding transcription factor to bind DNA or an interacting partner could cause
phenotypic changes that prevent downstream functions such as abscission zone
differentiation and the process of abscission activation to occur properly, if at all.
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Y399* ath1-5
(Splice site error)

ATH1

Homeodomain

W343*

T-DNA insertion
at L408 ath1-3

Homeodomain

STM

Figure 2. STM and ATH1 transcription factor mutations occur in their
homeodomain regions. The ath1-5 allele has a mutation at position 399 in its
homeodomain region while the reduced function stm allele used in this study
has a mutation at position 343 in its homeodomain region (Liljegren,
unpublished results). The ath1-3 allele has a mutation at position 408 in its
homeodomain region (Gomez-Mena and Sablowski, 2008).

Proper ATH1 functioning has previously been found important for organ boundary
formation (Gomez-Mena and Sablowski, 2008). STM has been shown to be an essential
contributor in maintaining shoot and floral meristems, which are areas that house the
stem cells of the plant that will differentiate into structures, by contributing to stem cell
production.

When analyzing stm loss-of-function mutants, the shoot meristem

disappeared as a result of the mutation (Endrizzi et al., 1996).

Examples of stm

hypomorphic (reduced function) and ath1 mutant phenotypes can be seen in Figure 3
(Liljegren, unpublished results). Both of these stm and ath1 mutations are predicted to
result in a truncated protein (Figure 2).
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Figure 3. Mutated stm and ath1 plants. A) Wild type flowers abscise all petals, sepals, and
stamens due to a functional abscission zone. B)-C) stm and ath1 flowers retain some
stamens because of the effects of the mutation on the formation of the abscission zones. D)
Double mutant plants retain sepals, petals, and stamens. (Liljegren Lab, unpublished data)

Either a hypomorphic mutation in STM or a loss-of-function mutation in
ATH1 has been shown to produce a phenotype of the stamens remaining attached in the
flowers (Figure 3) (Liljegren, unpublished results; Gomez-Mena and Sablowski, 2008).
However, the ath1/stm double mutant plant keeps all its outer floral organs, providing
evidence of total abscission disruption due to mutations in both genes (Figure 3). This
evidence suggests that ATH1 and STM are redundant genes, meaning that they can
perform the same roles in sepal and petal AZ development. If only one of the genes is
mutated, the other gene can compensate for the lost function of its redundant counterpart.
However, when a loss or reduced function mutations occur in both genes, no
compensation can occur. Because of this, the phenotypes of the single mutants are not as
severely affected as those of the double mutant in comparison to the wild type plant
phenotype.
Evidence of heterodimerization between ATH1 and STM transcription factors has
been previously discovered (Rutjens et al., 2009). ATH1 belongs to the BELL family
while STM belongs to the KNOTTED1-like homeobox (KNOX) family of transcription
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factors (Long et al., 1996; Quaedvlieg et al., 1995). In order for STM to enter into the
nucleus and regulate gene expression, it must heterodimerize with a BELL-type protein
such as ATH1 (Long et al., 1996). A previous study of the ath1-5 allele has provided
data indicating that the stamens are retained almost to the same extent in the ath1-5 and
stm single mutants, yet petals and sepals are also retained in the ath1-5/stm double
mutants (Palmer, 2018). These data suggest that ATH1 and STM play redundant roles
that allow AZ formation between the petals and the pedicel and the sepals and the
pedicel. Since the defects in stamen abscission are not significantly different between the
single and double mutants, the roles of ATH1 and STM in forming AZs between the
stamens and pedicel do not appear to be redundant.
Functional ATH1 and STM transcription factors must both be present in order for
HAESA expression and gene function (Raybourn, 2016; Liljegren, unpublished results).
A commonly used reporter gene called Beta-glucuronidase (GUS), from Escherichia coli,
was used to show where the HAE gene promoter directs gene expression (Stenvik et al.,
2008). The HAE:GUS transgene was found to be expressed in floral organ AZs in wildtype flowers but was largely absent in ath1/stm double mutant flowers. The failure of
HAE to be expressed in regions of stm/ath1 flowers where abscission zones would
normally form represents molecular evidence of the absence of these cells (Raybourn,
2016; Liljegren, unpublished results).

In wild type flowers, there is a clear boundary region that separates floral organs
from the flower stem or pedicel. Previous studies of developing ath1 and stm single
mutant flowers show less defined boundaries forming between the sepals and the stem,
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while ath1/stm double mutant plants resulted in the complete disappearance of a
boundary region altogether (Figure 4). This earlier defect in organ boundary formation is
thought to prevent abscission zone development and cause the floral organs of stm/ath1
flowers
to remain
toboundary.
the flower
stem (Palmer, 2018; Liljegren, unpublished
Figure 4. Double mutant
flowers
lack a attached
sepal-stem
Scanning
electron micrographs of a wild type, single mutant, and double mutant
results).
flowers shows the disappearance
of the boundary. (A) A fully functional
boundary exists between the sepals and the stem. (B) ath1 single mutants
have a more ambiguous boundary; stm single mutants have an almost
identical phenotype. (C) In double mutant flowers, there is no sepal-stem
boundary. (Liljegren, unpublished results)

In this project, a previously isolated loss-of-function mutation of the ATH1
gene, the mutant ath1-3 allele (Gomez-Mena and Sablowski, 2008; see Figure 2), was
used to independently quantify the effects of mutations in ATH1 and STM on the
abscission of sepals, petals, and stamens of A. thaliana plants. As described above,
previous studies have shown that another mutation in the ATH1 gene (ath1-5) prevents
proper abscission of all outer organs in combination with a mutation in STM (Palmer,
2018); my study is the first to test whether the ath1-3 allele also acts redundantly with the
same hypomorphic mutation in the STM gene. In addition to measuring sepal, petal, and
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stamen abscission in the ath1-3/stm double mutant plants, this project compares how
abscission is affected in the ath1-3 and stm single mutants. Wild type plants were also
studied in order to have a control for comparison to the mutant plants. I hypothesized that
1) the single mutant plants would retain a portion of their stamens while retaining no
petals and sepals, and 2) that the double mutant plants would retain almost all of their
outer organs.
To measure abscission in this study, a device comprised of two paintbrushes was
used to gently brush the primary stems of the wild type, single mutant, and double mutant
plants (Baer et al., 2016). The idea behind this procedure was that if abscission zones
were present, the sepals, petals, and stamens would detach from the mature plants when
the bristles of the brush passed over them. However, if no abscission zones formed, the
gentle passing of the brush is not harsh enough to detach organs from the primary stem of
the flower.
In deciding which flowers of the Arabidopis wild-type and mutant plants to analyze,
it was critical to collect data at the developmental stage when wild-type floral organs can
be easily brushed off. Stages 1-13 of flower development encapsulate everything from
when the flower buttress arises to the point at which the petals are visible on an open bud
(Smyth et al., 1990). Flowers at these stages are too young for their organs to be readily
abscised. At stage 15, the stigma extends above the anthers as the plant matures. Stages
16-17 entails the natural abscission of floral organs (Smyth et al., 1990), and was
therefore selected for my study.
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METHODS AND MATERIALS
I. The Plants
In this study, four phenotypic variants of Arabidopsis thaliana were analyzed:
wild-type plants, ath1-3 single mutants, stm single mutants, and ath1-3 stm double
mutants. The wild type (WT) plants used as a control in this study were of the Landsberg
erecta (Ler) ecotype. One tray was planted for WT and both of the single mutants. Each
tray used in this study contained ten pots with about nine seeds in each pot, resulting in
roughly 90 plants per tray if each seed germinated. Since homozygous stm/ath1-3 double
mutants are infertile, we planted 4 trays of seeds from a parent known to be heterozygous
for the stm allele and homozygous for the ath1-3 mutant allele. The heterozygous nature
of one of the genes allowed these plants to produce viable offspring, which would include
25% ath1-3, 50% stm/+ ath1-3, and 25% stm ath1-3 mutants according to the expected
Mendelian segregation of unlinked genes (Seen in Table 1).
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Table 1: Seed Stocks Used for Experimentation
Seed Stock
Name

Date
Collected

Possible Genotypes

“Ler WT”

# of
Trays
Planted
1

5/25/2017

WT

“ath1-3 #1”

1

3/31/2017

ath1-3

“sta1 A”

1

11/27/2017

stm

“ath1-3 x sta1/+
#9 F4”

1

10/19/2016

stm ath1-3, stm/+ ath1-3, STM
ath1-3

“ath1-3 x sta1/+
#15 F4”

1

10/11/2016

stm ath1-3, stm/+ ath1-3, STM
ath1-3

“ath1-3/+ x sta1
F5”

2

1/5/2017

stm ath1-3, stm ath1-3/+, stm
ATH1

Before being planted, the seeds were sterilized and then experienced a cold
treatment, which is intended to simulate winter. The seeds were first covered with 500µL
of a 70% ethanol solution for two minutes. After removing the ethanol, the seeds were
covered with 5% bleach 1% SDS solution and allowed to sit for 15 minutes. At that point,
the bleach solution was removed and 500µL of deionized, distilled water (ddH2O) was
added and removed three times to rinse off residual bleach. The seeds (in 500µL ddH2O)
were then placed in a 4° C refrigerator for 48 hours. After this period, the ddH2O was
removed and the seeds were suspended in 0.1% agarose and planted using a pipette.
All seven trays of plants were exposed to identical growth conditions. Sixteen
hours of light was followed by eight hours of the absence of light from the time the seeds
were planted until the day data were collected. The temperature in the growth room
remained approximately 23° C with humidity ranging from 69-70%. Promix BX soil was
used in this experiment. Plants were watered on Monday, Wednesday, and Friday of each
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week, alternating between regular tap water and tap water with Miracle Grow (200 ppm).
A fellow lab member, Emily Fountain, performed seed preparation and planting.

II. DNA Extraction
A Qiagen DNeasy Plant Mini Kit was used to prepare plant genomic DNA for
genotype analysis. After a leaf from a desired plant was removed and placed in a labeled
microcentrifuge tube, a TissueRuptor was used to grind the leaf into a liquid-like state.
400 microliters (µL) and 4 µL of RNase A were added to the tube. The tube was then
vortexed before being put in a Thermomixer incubator set at 65° C for 10 minutes. The
tube was inverted three times during the 10-minute incubation period. After incubation,
130 µL of Buffer P3 was added to the tube before being placed in an ice-filled bucket for
five minutes. The tube was then centrifuged for seven minutes at 14,000 rotations per
minute (rpm). Taking care not to disturb the pellet of cellular debris, 550 µL of the lysate
was pipetted from the tube into a new QIAshredder spin column placed in a 2 milliliter
(mL) collection tube before centrifugation for two minutes at 14,000 rpm. 440 µL of the
flow-through containing the DNA was pipetted into a new microcentrifuge tube. 660 µL
of Buffer AW1 was added was added into the new tube along with the lysate and the
solution was mixed by pipetting. 650 µL of the solution was then pipetted into a DNeasy
Mini spin column sitting inside of a 2 mL collection tube. The column was then
centrifuged for one minute at 8,000 rpm before the flow-through was discarded. To
maximize DNA yield, the remainder of the solution from the microcentrifuge tube was
pipetted into the same spin column sitting inside of the 2 mL collection tube. After
centrifuging again for one minute at 8,000 rpm, the spin column was placed in a new 2
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mL collection tube and 500 µL of Buffer AW2 was pipetted into column to wash the
DNA on the column. Centrifugation for one minute at 8,000 rpm occurred and the flowthrough was discarded. 500 µL of Buffer AW2 was added once again before being
centrifuged for two minutes at 14,000 rpm. The spin column was put in a new
microcentrifuge tube that had been labeled to clearly represent which plant’s DNA would
be contained inside the tube at the end of the protocol. 100 µL of Buffer AE was added
to the spin column for DNA elution. Incubation for five minutes at room temperature
was followed by a one-minute centrifugation at 8,000 rpm. This step was repeated once
more to have a total volume of 200 µL of the DNA preparation. The DNA was stored in a
-20° C freezer to prevent degradation.

III. PCR, Digest, and Gel Electrophoresis
Polymerase Chain Reaction (PCR) was used to amplify specific regions of the
STM and ATH1 genes as part of the genotyping process. For all plant genomic DNA that
was analyzed via PCR, the same ratio of ingredients was used. A “master mix” solution
of all ingredients other than the DNA itself was created. The ratio of the master mix was
as follows: 2 µL of Standard Taq 10X Reaction Buffer, 2.5 µL of 10 mM dNTP, 0.7 µL
of 2 mM forward reaction primer, 0.7 µL of 2 mM reverse reaction primer, 0.5 µL of 10x
Taq Polymerase, and 13.6 µL of deionized water (ddH2O). For each PCR reaction, 18 µL
of the mastermix would be added to 2 µl of DNA for a total of 20 µL. The primers and
PCR specifications used for genotyping the stm and ath1-3 alleles compared to wild-type
are shown in Table 2 and Table 3.
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To genotype the ath1-3 allele, which is the result of a T-DNA insertion (Figure 2),
one pair of PCR primers was used to amplify the wild-type allele (without the T-DNA
insertion) and another pair was used to detect the mutant allele (Table 2). For
homozygous ath1-3 mutants, the only PCR product amplified would be using the ath13b and JMLB1 primers. For homozygous wild-type plants, the only PCR product
amplified would be from the ath1-3a and ath1-3b primers. Heterozygotes would show
amplification of both PCR products on the gel images.
To genotype the stm allele, a restriction enzyme digest was performed since the
mutant and wild type DNA would be cut at different lengths, allowing for bands of
distinct sizes to be seen on the gel images. The digest consisted of 17 µL of PCR product,
1 µL of BsrI restriction enzyme, and 2 µL of 3.1 10X Buffer and was incubated for four
hours at 65° C. The STM WT PCR product was cut by BsrI into 106 base-pair and 29
base-pair fragments.
The final step in genotyping was to analyze the sizes of the ATH1 PCR and STM
digested PCR products via gel electrophoresis and imaging using an AlphaImager HP
machine. To make the 3% agarose gels used, six grams of agarose powder was added to
200 mL of 1X TAE buffer. The mixture was heated in a microwave for four minutes to
dissolve the agarose. 5.5µL of ethidium bromide was then added to the mixture before
briefly heating again for 15 seconds. After a 10-minute cooling period, the liquid was
poured into a mold with a comb to solidify into a gel.
Before loading the samples into the gels, 3µL of loading dye was added to each
PCR or digest product (20µL) and mixed by pipetting. After submerging the gel in 1X
TAE buffer, 5.5µL of GeneRuler 50 base-pair DNA ladder was added into the first well
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as a means to determine the approximate lengths of the PCR products once the gel was
imaged. The remaining wells were filled with 13µL of the sample/dye mixture. The final
two wells on a gel were reserved for the WT control PCR product as well as a control for
the mutant version of the gene being tested. Gel electrophoresis was performed for
roughly 40 minutes, or until bands had visibly moved about 2/3 of the way down the gel.
The gel was then removed and placed in the AlphaImager HP to be imaged. The ethidium
bromide present in the gel interacts with the DNA and makes it visible under an
ultraviolet light. After imaging, the pictures were used to determine the genotypes of the
plants tested based on the sizes of the sample PCR products and comparision with the
wild-type and mutant controls. Jack Mason and Hayden Malone also assisted in
genotyping the plants.

IV. Experimental Data Collection
The data collected in this experiment included the number of sepals, petals, and
stamens remaining on the different genotypes of Arabidopsis thaliana plants after the
brush procedure described below. To analyze abscission defects, a device was created to
provide gentle force to the floral organs, which would cause them to detach if cell
separation within an abscission zone had already been activated. The device shown in
Figure 5 was originally described by Baer et al., 2016 and recreated as detailed by
Palmer (2018). It consists of an eight-centimeter wooden dowel spacer sitting between
two soft-bristled paintbrushes, each 7.5 centimeters wide. Two plastic water bottle caps
were attached to one of the brushes to allow room for the plant stem to sit safely between
the brushes, preventing unnecessary harm to the plant. The primary stems of the plants
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were placed inside the spacer area of the device, and the entirety of the stem was run
between the bristles of the brushes. To ensure that the brushes contacted all organs, the
device was then rotated 90 degrees before stroking the entirety of the stem once more.
Data was collected for a specific range of flowers on plants of all four genotypes.
After the final secondary shoot branched off of the primary stem, 10 flower positions
were counted. The next eight flowers along the plant’s primary stem were deemed
positions 11 though 18. Sets of flowers at these positions were analyzed for each
genotype due to the stage of development they represented (stages 16-17) (Smyth et al.,
1990). Flowers between these stages were deemed mature enough to undergo abscission
yet not advanced enough for the fruit to have begun the senescence process. After the
plants had been run through the brushes, the number of sepals, petals, and stamens were
counted using a dissecting microscope and their values were recorded.
Since the stamens (and sepals) of ath1 stm plants can show defects in organ fusion
due to disruption of the boundaries between adjacent floral organs (Malone, 2018; Leary,
2018), for any instances of stamen-stamen fusion, if two anthers were observed at the tip
of the organ structure, this structure was recorded as two stamens retained.
Standard deviations of the samples and standard errors from the mean are shown
in tables associated with each bar graph. Phenotypic differences between genotypes were
considered statistically significant (P < 0.05) if the standard errors of their respective
means did not overlap.

15

Figure 5: Paint Brush Floral Organ Abscising Tool

Figure 5: Two 7.5 cm wide paintbrushes attached at the top by a wooden dowel with tape
creating 8 cm of space between the two handles was used to manually abscise floral organs
in this experiment. Two water bottle tops spaced 3 cm apart were taped to one of the
brushes in order to create a space for the plant stem to fit between and be undamaged while
force was applied to the floral organs.
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Table 2: Primer Sequences
Primer

5’ to 3’ Sequence

ath1-3A (used with the ath1-3B primer to

CCATCAGATTTGGAGACCTAACG

amplify the wild-type ATH1 allele )
ath1-3B (used with the JMLB1 primer to

GAGACACACTCTATATCATTTGCC

amplify the mutant allele)
JMLB1(B) (anneals to one of the T-DNA

CAGCTGTTGCCCGTCTCACTGGTG

borders)
STAMgtF

GTTCATAAACCAGAGGAAACGGCACTG

STAMgtR

GAGGAGATGTGATCCATTGGGAAAGG
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Table 3: PCR Conditions For STM and ATH1 Gene Replication
STM
Step

Temp. (°F)

1

ATH1 WT

ath1-3 Mutant

94.0

Time
(mins)
4:00

Temp.
(°F)
94.0

Time
(mins)
4:00

Temp.
(°F)
94.0

Time
(mins)
4:00

2

94.0

0:30

94.0

0:30

94.0

0:30

3

54.0

0:30

53.0

0:30

53.0

0:30

4

72.0

0:30

72.0

0:40

72.0

0:30

5

Repeat step 2
x30

6

4.0

Repeat Repeat step Repeat
Repeat step Repeat
step 2
2 x30
step 2
2 x30
step 2
x30
x30
x30
Indefinite
4.0
Indefinite
4.0
Indefinite
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RESULTS
Wild-type Arabidopsis flowers typically contain four sepals, four petals, and six
stamens, for a total of 14 outer floral organs per flower. To test my hypotheses that
mutations in the ATH1 and STM genes alter the abscission of these outer floral organs,
plants homozygous for either the ath1-3 or stm mutation, or homozygous for both
mutations were grown and genotyped.
Five wild type, five stm single mutants, and five ath1-3 single mutant plants were
chosen for my experiment after qualitatively being deemed healthy due to the amount of
growth and coloration of the plant. Unfortunately, many of the ath1-3/stm double mutant
plants we identified through genotyping were not considered to be healthy enough for
this study, so data were only collected from one double mutant.
Flowers at positions 11-18 on the primary stems of each genotype were selected
for analysis because they had reached the developmental stage when the organ abscission
zones, if present, have been activated. Because there were five plants, each with eight
flower positions, I was able to analyze 40 flowers for the wild-type plants, stm mutant
and ath1-3 mutant (n=40 per genotype). With one ath1-3/stm plant, I was able to collect
data from eight flowers for this genotype (n=8). The average numbers of sepals, petals,
stamens, and total number of floral organs per flower were calculated and are represented
graphically in the figures below. The associated charts for each graph show the calculated
standard deviations and standard errors for these averages.
The average number of outer floral organs retained for each genotype are shown in
Figure 6 While none of the wild-type flowers observed retained floral organs after the
brush procedure, I found that an average of 3 floral organs remained per flower for both
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the stm and ath1-3 single mutant flowers. In contrast, an average of 11 floral organs
remained per flower of the ath1-3/stm double mutant plant. These results indicate that
organ abscission is significantly altered in ath1-3/stm double mutant flowers compared to
either single mutant or to wildtype flowers.
The results for each type of floral organ are shown in Figures 7-9. As shown in
Figure 7, the wild type and stm single mutants retained 0 petals after brush analysis,
while the ath1-3 single mutants retained an average of 1 petal per flower. The ath1-3/stm
double mutant plants had a higher average of 4 petals per flower.
Figure 8 depicts the amount of sepals retained per flower after brush analysis. None
of the wild type or stm single mutant flowers retained any sepals. The ath1-3 single
mutant experienced some sepal retention with an average of 1 sepal per flower. The ath13/stm double mutant flowers again averaged a higher retention with 4 sepals per flower.
Figure 9 shows data collected for all genotypes regarding stamen abscission. While
all of the wild type plants shed their stamens, an average of 3 stamens were retained for
each stm single mutant flower, and 2 stamens remained for the ath1-3 single mutant
flowers. The ath1-3/stm double mutant flowers averaged 4 stamens retained per flower.
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10.86
Chart 1: Floral Organs Remaining After Brush Analysis Data
3.46
WT
0
WT

stm
ath1-3

stm

ath1-3/stm

Average
3.15
0

St. Deviation

St. Error

0

0

3.475

1.109

0.175

ath1-3
3.15

ath1-3/stm
4.161

0.658

0.641

0.227

10.875

Figure 6: Floral Organs Remaining Per Flower After Brush
Analysis. n=40 for WT flowers. n=40 for stm single mutant flowers.
0 single mutant flowers. n=8 for ath1-3/stm double
n=40 for ath1-3
mutant flowers. ath1-3/stm double mutant flowers retained significantly
more floral organs per flower than the WT and single mutant flowers.
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3.63
Chart 2: Petals Remaining After Brush Analysis
Average
WT

0

0
stm
WT
ath1-3

stm

ath1-3/stm

St. Deviation

St. Error

0 0.75

0

0

0
ath1-3
0.75

0
ath1-3/stm
1.391

0
0.220

0.518

0.183

3.625

Figure 7: Petals Remaining Per Flower After Brush Analysis. n=40
for WT flowers. n=40 for stm single mutant flowers. n=40 for ath1-3
single mutant flowers. n=8 for ath1-3/stm double mutant flowers. ath13/stm flowers retained significantly more petals per flower than WT and
single mutant flowers.
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3.63
Chart 3: Sepals Remaining After Brush Analysis
Average
WT
0
stm
WT
ath1-3

0

0 0.78
0

stm

ath1-3/stm

St. Deviation

ath1-3
0.775

0
0
ath1-3/stm
1.405

3.625

0.518

St. Error
0
0
0.222
0.183

Figure 8: Sepals Remaining Per Flower After Brush Analysis. n=40
for WT flowers. n= 40 for stm single mutant flowers. n=40 for ath1-3
single mutant flowers. n=8 for ath1-3/stm double mutant flowers. ath13/stm flowers retained significantly more sepals per flower than WT and
single mutant flowers.
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3.48
3.63
Chart 4: Stamens Remaining After Brush Analysis
1.63
Average
0

WT

0

stm
WT

ath1-3

St. Deviation

stm

ath1-3/stm

3.475
ath1-3
1.625

ath1-3/stm

3.625

St. Error

0

0

1.109

0.175

1.957

0.309

0.518

0.183

Figure 9: Stamens Remaining Per Flower After Brush Analysis.
n=40 for WT flowers. n=40 for stm single mutant flowers. n=40 for
ath1-3 single mutant flowers. n=8 for ath1-3/stm double mutant
flowers. The stm single mutant flowers and the ath1-3/stm double
mutant flowers retained significantly more stamens than the WT
flowers.
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DISCUSSION
My hypotheses were that 1) the single ath1-3 and stm mutants would lose all of
their outer organs except for a portion of the stamens, and that 2) the double ath1-3/stm
mutant would retain almost all of its outer organs.
My analysis of stm single mutant flowers supported my first hypothesis (Figures
6-8). An average of 3 stamens per flower were retained in the stm mutant, and all the
sepals and petals produced were abscised. However, the ath1-3 flowers retained an
average of one sepal, one petal and 2 stamens. These results for the ath1 single mutant do
not support this first hypothesis.
In contrast, since an average of 11 floral organs per flower were retained by the
healthy ath1-3/stm double mutant plant I was able to analyze (Figure 6), this result
supports my second hypothesis that abscission of most of the floral organs would be
blocked in ath1-3/stm flowers. In particular, the average of 4 sepals and 4 petals retained
in the double mutant were significant compared to both of the single mutants and wildtype plants (Figures 7-8).
Although additional healthy ath1-3/stm plants will need to be analyzed, my data
suggest that ATH1 and STM have redundant functions, meaning that they play
overlapping roles in the creation of the boundary regions where the sepal and petal
abscission zones are formed. If both genes lose or have reduced function, a much larger
retention of floral organs is witnessed than in the single mutant plants because the double
mutant does not have a functional backup gene.
Since wild-type flowers typically produce 14 outer organs, and I observed an
average of 11 organs retained in the ath1-3/stm flowers, it is important to determine the
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number of outer organs produced by ath1-3/stm flowers to put my results in context. If
ath1-3/stm flowers produce the same number of organs as wild-type flowers, we could
conclude that organ abscission is partially blocked. However, if these flowers retain all of
the organs they produce, the block in abscission can be considered complete.
It was previously found that ath1-5/stm flowers are missing on average 2 petals and 3
stamens (Malone, 2018) and that ath1-3/stm flowers are also missing on average 3 petals
and 3 stamens (Leary, 2018). It is noteworthy that the minimum total organ count of the
ath1-3/stm flowers that I analyzed was 11, yet independent analysis of the total organ
count of another set of ath1-3/stm flowers was 8.
My results and data from previous studies (Palmer, 2018) support a working model
that ATH1 and STM perform redundant functions in the formation of organ boundary
regions in sepals and petals, yet may act together in a heterodimeric complex to regulate
these boundary regions for stamens. In this experiment, ath1-3 and stm single mutations
affected the abscission of stamens more so than sepals and petals, and retention of the
stamens was not significantly enhanced in the ath1-3/stm double mutant. Since STM and
ATH1 have multiple BELL-type and KNOX-type partners, respectively (Rutjens, 2009),
these transcription factors may be required to interact with each other to specify stamen
boundary regions and can each interact with other partners during sepal and petal organ
boundary formation.
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